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Description 

The present invention relates to apparatus for. and the processing of. semiconductor wafers. In particular, the 
invention relates to the deposition of antireflective layers during wafer processing. 

In the manufacture of integrated circuits, photolithographic techniques are used to define patterns for layers in an 
integrated circuit. Typically, such photolithographic techniques employ photoresist or other light-sensitive material. In 
conventional processing! the photoresist is first deposited on a wafer, and then a mask having transparent and opaque 
regions which embody the desired pattern, is positioned over the photoresist. When the mask is exposed to light, the 
transparent portions allow light to expose the photoresist in those regions, but not in the regions where the mask is 
opaque The light causes a chemical reaction to occur in the exposed portions of photoresist. A suitable chemical, or a 
chemical vapor or ion bombardment process, then is used to selectively attack either the reacted or unreacted portions 
of the photoresist. With the photoresist pattern remaining on the wafer itself now acting as a mask for further process- 
ing, the integrated circuit can be subjected to additional process steps. For example, material may be deposited on the 
circuit, the circuit may be etched, or other known processes carried out. 

In the processing of integrated circuit devices with small feature sizes, for example, feature sizes having critical 
dimensions- less than one-half micron, sophisticated techniques involving equipment known as steppers, are used to 
mask and expose the photoresist. The steppers for such small geometry products generally use monochromatic (sin- 
gle-wavelength) light, which enables them to produce very fine patterns. As repeated process steps are carried out. 
however the topology of the upper surface of the substrate becomes progressively less planar. This uneven topology 
20 can cause reflection and refraction of the monochromatic light, resulting in exposure of some of the photoresist beneath 
the opaque portions of the mask. As a result, this differing local substrate surface typography can alter the fine patterns 
of photoresist thereby changing the desired dimensions of the resulting regions of the semiconductor substrate. 

In the manufacture of semiconductor devices, it is desirable that fluctuations in line width, or other critical dimen- 
sions be minimized. Errors in such dimensions can result in open or short circuits, thereby ruining the resulting semi- 
25 conductor devices. As a result, some semiconductor manufacturers now require that the dimensional accuracy of a 
photoresist pattern be within 5 percent. To achieve that dimensional accuracy, two approaches have been taken. Both 
approaches entail the use of anotherlayer in addition to the photoresist layer. 

The first approach uses a relatively thick organic film beneath the photoresist that absorbs incident light so that min- 
imal reflection or refraction occurs. A disadvantage of such organic films is that they require more process steps, and 
30 . being polymer-based, are difficult to etch. ' . ' . ' . 

A second approach is the use of an antireflective film for canceling reflections occurring at the photoresist-antire- 
flectiye layer interface, and at the antireflective layer-substrate interface. In the prior art. silicon oxynitride (SiON) depos- 
ited using NH 3 gas has been used as an antireflective film. Upon exposure to light, however, an amino group from the 
SiON film reacts with the light sensitive component in the photoresist, thereby desensitizing the photoresist. This results 

35. in inaccurate photoresist patterns. , , »u ~ u..« 

Ah article entitled "SiOxNyH high performance antireflective layer for the current and future optical lithography. 
SPIE Vol 2197 (1994) pp 722-732, by Tohro Ogawa, et al.. addresses the thin film interference concerns. The article 
teaches the use of an antireflective layer (ARL) in conjunction with the Mine. KrF. and ArF excimer laser lithographies. 
The exposure wavelengths used in these laser lithographies are 365 nm. 248 nm, and 193 nm, respectively. The article 
40 describes that as exposure wavelengths become shorter, stronger reflections from the interface between the photore- 
sist and the substrate result. Hence, an ARL is needed to reduce the standing waves and thin film interference effects. 

This ARL is described as canceling reflection from both the interface between the photoresist and the ARL. and 
from the interface between the ARL and the substrate. The article describes a complicated equi-energy contour-based 
procedure for determining the parameters to achieve the desired cancellation. According to the procedure described in 
45 this article by Sony, the parameters are obtained by finding common regions of the equi-energy contour lines for a p u- 
rality of photoresist filrti thicknesses. The article describes refractive index, absorptive index, and thickness values for 
its ARL and though the article does not specify it. Applied Materials inventors have determined that these values cor- 
respond to a phase shift of 180° between the reflections. The Applied engineers, however, were unable to achieve the 
results described in the article, and it is believed that the process is unstable, 
so Sony has also f:i*d a European patent application (Application No. 931 13219.5, Publication No. EP 0 588 087 A2) 
for a process for d< . ositing an ARL with selected parameters. The Sony application discusses the SiH 4 and N 2 0 ratio, 
and how the ratio -eels the optical and chemical properties of the ARL deposited. The Sony application also teaches 

thS "ThVpreS 'invention provides apparatus and a process for depositing an antireflective layer. Because ARL films 
55 are thin to have a stable process it is desirable to have a low deposition rate for the process. The invention provjdes 
apparatus and a process to lower the deposition rate of plasma-enhanced silane oxide, silane oxynitride, and silane 
nitride processes. In a preferred embodiment helium is used. Although helium is a known carrier gas in chemical vapor 
deposition its use in the present invention is for controlling the deposition rate of the processes. By adding helium more 
precise control of the thin film thickness is provided, particularly over longer periods of equipment operation. The helium 
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also helps stabilize the process, enabling different films to be deposited, and the film deposited to be well-controlled. 

The present invention also provides equipment and process conditions under which parameters can be controlled 
to produce ARLs with various optimum refractive index, absorptive index, and thickness values for obtaining the desired 

cancellations for the different exposure wa velen g ths and substrates. In one embo diment, the apparatus and process 

5 described by the present invention use N 2 and NH 3 , in addition to a desired ratio of SiH 4 to N 2 0, to further control the 
optical and chemical properties of the ARL deposited. The effects of N 2 and NH 3 are particularly dominant in process 
regimes where SiH 4 and N 2 0 have minimal or no effect on the ARL properties, e.g., at low temperature. The invention 
teaches the addition of NH 3 and N 2 in the process to change the composition of the film, allowing more freedom and 
finer tuning of the refractive index and the absorptive index. Furthermore, the process is compatible with the use of 
io helium, which is more cost-effective than argon. Helium also allows for improved stress control of the ARL layer depos- 
ited. This helps prevent the film from becoming too tensile, which can cause it to flake off the substrate after deposition. 

As applied to the process above, the addition of helium also achieves plasma stability, which in turn ensures the 
deposition of a uniform film. Furthermore, the helium provides sufficient control of the ARL deposition process, so that 
ARLs with optimum values of refractive index, absorptive index, and thickness can be developed within practical proe- 
ms ess parameters for exposure wavelengths in the range of 190-900 nm. This is highly desirable because cancellation of 
the reflected light for different exposure wavelengths depends on several factors: the incident light wavelength, the 
phase shift (which is determined by the thickness of the ARL), and the intensity of the reflection (determined by the 
chemical composition of the ARL). Hence, control of the optical and chemical properties of the ARL is necessary to 
achieve the desired cancellations. 
20 The present invention determines the optimum refractive index, absorptive index, and thickness values for phase 
shifts greater than 180° (e.g., 540°, 900°, etc.) using destructive interference equations. (A sample calculation of how 
the refractive index n, absorptive index k, and thickness t values are determined by the current invention is shown 
below.) For an ARL to produce phase shifts of 540° or larger between the reflections, the thickness will be higher, which 
means higher absorptive index values, because the ARL must absorb more refracted light In one embodiment the 
25 invention provides an ARL with optimum refractive index n, optimum absorptive index k, and optimum thickness t values 
to produce a phase shift of 540° between the reflections. 

Figure 1 is a vertical, cross-sectional view of one embodiment of a simplified chemical vapor deposition (CVD) 
apparatus used for processing the antiref lective coating according to the present invention; 
30 Figure 2 is a vertical, cross-sectional view of paths of reflected and refracted light of an incident light beam which 
strikes the surface of a multilayer semiconductor device, for example, during a photolithographic process; 
Figure 3 shows the effect of using an antiref lective layer according to the present invention; and 
Figure 4 is a trend chart for the process of depositing the antiref lective layer of the present invention. 

35 A preferred embodiment of the process for depositing an ARL according to the present invention comprises appa- 
ratus for and the use of plasma-enhanced chemical vapor deposition (PECVD) technique to bring about a chemical 
reaction between SiH 4 and N 2 0, in the presence of He, with the SiH 4 to N 2 0 ratio being between about 0.5 to 3.0 and 
preferably 1 .0. The process further includes the addition of NH 3 , N 2 , and He gases. Figure 1 illustrates one embodiment 
of a simplified, parallel plate PECVD system 10 having a vacuum chamber 15 in which the antiref lective layer can be 
40 deposited according to the present invention. 

System 10 contains a gas distribution manifold 11 for dispersing the deposition gases to a substrate, not shown, 
but which is placed flat on the supporter 12. The supporter 1 2 is highly heat-responsive and is mounted on supports 13 
so that supporter 12 (and the substrate supported on the upper surface of supporter 12) can be controllably moved 
between a lower loading/offloading position, and an upper processing position 14 represented by a dashed line, which 
45 is closely adjacent to manifold 11. 

Depending on the desired refractive index, absorptive index, and thickness to be achieved, the spacing between 
supporter 12 and manifold 11 is in the range of 200-600 mils, the substrate temperature is in the range of 200-400°C, 
and the chamber pressure is maintained at 1 -6 torr. ARLs with varying refractive index, absorptive index, and thickness 
can be deposited within these process parameters for any exposure wavelengths between 190-900 nm; and the differ- 
so ent optimum refractive index, absorptive index, and thickness for the different wavelengths can be consistently achieved 
by varying the parameters and the rate at which the SiH 4 , N 2 6, NH 3 , N 2 , and He gases are introduced into the chamber. 
Within these ranges, the preferred range for the spacing is 400-600 mils. For the substrate temperature, the preferred 
range is 300-400°C, and the preferred range for the chamber pressure is 4.5-5.5 torr. 

When supporter 12 and the wafer are in processing position 14, they are surrounded by a baffle plate 17 having a 
55 plurality of spaced holes 23 which allow gas to exhaust into an annular vacuum manifold 24. Deposition gases are sup- 
plied through lines 18. having control valves (not shown), into a gas mixing chamber 19 where they are combined and 
supplied to manifold 11. Although He is a known carrier gas. its use in the present process is for controlling the param- 
eters of the process. As will be described later, the amount of He used affects the optical and chemical properties of the 
ARL deposited. Furthermore, He helps achieve the desired chamber pressure without altering the chemical composi- 
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tion of the film, thereby ensuring process stability, which in turn ensures the deposition of a uniform film. Because the 
ARL is a thin film, thickness control is important, and a low deposition rate is necessary to achieve control over the 
desired thickness. The addition of He lowers the deposition rate, thus allowing for thickness control, in addition to the 
control of the film properties. 

5 During processing of a wafer, gas inlet to manifold 11 is vented toward, and uniformly distributed radially across, 

the surface of the substrate as indicated by arrows 22 and 21 representing gas flow. SiH 4 and N2O are both introduced ' 
into chamber 1.9 at a rate of 5-300 seem, with the SiH 4 to N 2 0 ratio between about 0.5 and 3.0, but preferably about 
1 .0. NH 3 , N 2 , and He may be added as explained below, depending on the values of refractive index, absorptive index, 
and thickness desired, and the process regimes. If a wider range of refractive index, absorptive index, and thickness 

10 values is desired, NH 3 , N 2 , and additional He will be added to the process, and are introduced into the chamber at a 
rate of 0-300 seem, 0-4000 seem, and 5-5000 seem, respectively. Within these ranges, the preferred range for introduc- 
ing SiH 4 into the chamber is 15-160 seem; for N 2 0, the preferred range is 15-160 seem; for NH 3 , the preferred range is 
0-300 seem; for N 2 , the preferred range is 0-500 seem; and for He, the preferred range is 500-4000 seem. After the reac- 
tions are complete, the remaining gases are exhausted via ports 23 into the circular vacuum manifold 24 and put 

15 through an exhaust line (not shown). The optimal values for the gases are Si 3 H 4 40-120 seem, N 2 0 30-120 seem, He 
1500-2500 seem, N 2 0-300 seem, and NH 3 0-150 seem. These are representative values for an eight-inch chamber as 
made by Applied Materials. Other sizes of chambers or chambers made by other manufacturers will have different val- 
ues. •> - . . 

A controlled plasma of SiH 4 , and N 2 0 is formed adjacent to the substrate by RF energy applied to manifold 1 1 from 

20 RF power supply 25. Gas distribution manifold 11 is also an RF electrode, while supporter 12 is grounded. The RF 
power supply 25 supplies power ranging from 50-500 watts, to manifold 1 1 to siow down or enhance the decomposition 
of the SiH 4 and N 2 0 introduced into chamber 15. 

A circular external lamp module 26 provides a collimated annular pattern of light 27 through quartz window 28 onto 
supporter 12. Such heat distribution compensates for the natural heat loss pattern of the supporter and provides rapid 

25 and uniform supporter and substrate heating for effecting deposition. A motor, not shown, raises and lowers supporter 
12 between a processing position 14 and a lower, substrate-loading position. 

The motor, control valves connected to lines 1 8, and RF power supply 25 are controlled by a processor 34 over con- 
trol lines 36, of which only some are shown. Using these control lines, the processor controls the entire process' of 
depositing the ARL Processor 34 operates under the control of a computer program stored in a memory 38. The com- 

30 puter program dictates the timing, mixture of gases, chamber pressure, chamber temperature. RF power levels, sup% 
porter position, and other parameters of the process. Typically, the memory contains computer readable information for 
causing the processor to introduce a first process gas comprising SiH 4 and N 2 0 into the chamber, and a second proc- 
ess gas comprising He into the chamber. 

The above description is mainly for illustrative purposes and should not be considered as limiting the scope of the 

35 present invention. Variations of the above described system such as variations in supporter design, heater design, loca- 
tion of RF power connections, etc., are possible. Additionally, other plasma CVD equipment such as electron cyclotron 
resonance (ECR) plasma CVD equipment, induction-coupled RF high density plasma CVD equipment, or the like may 
be employed. The ARL and method for forming such a layer of the present invention is not limited to any specific appa- 
ratus or to any specific plasma excitation method. ■ 

40 . * Similarly, the use of helium for controlling the deposition rate of the process and for stabilizing the process, is appli- 
cable to thin film depositions in general, and is not limited to ARL film depositions. Specifically, it could be used to lower 
the deposition rate of existing plasma-enhanced .silane oxide, silane oxynitride, and silane nitride processes. Although 
helium is used in the preferred embodiment, other inert gases may also be used instead of helium. 

Figure 2 is a vertical, cross-sectional view of typical paths of reflected and refracted light of an incident light beam 

45 that strikes the surface of a multi-layer semiconductor device during a photolithographic process. As shown in Figure 2, 
for an incident light beam 1 that strikes the semiconductor structure, the photoresist pattern exposure could be distorted 
by a reflection 3 between the photoresist layer and an underlying layer, and another reflection 6 between the underlying 
layer and the substrate which results in light 5 entering the photoresist. 

In Figure 3, the dashed light paths illustrate the function of an ARL according to the present invention. As shown, 

so light rays 3 and 5 (which are almost equal, in intensity and have a phase difference of 540° or larger) will substantially 
cancel each other, while light rays 4 and 6 will be absorbed by the ARL. Hence, the only light that exposes the photore- 
sist is the incident light from ray 2. As previously mentioned, an ARL according to the present invention is .compatible 
with the photoresist, thus eliminating the concern that the photoresist may be neutralized. Furthermore, as discussed 
below, ARLs with different optimum refractive index, absorptive index, and thickness values can be achieved for cancel- 

55 lation of reflections of different exposure wavelengths between 190-900 nm. 

Figure 4 is a chart showing the effects of the different process parameters on the process for depositing the antire- 
flective layer of the present invention. As described, the properties of the ARL can be changed by changing the different 
parameters. As shown by the chart, increasing the substrate temperature will increase the refractive index n, absorptive 
index k, thickness t, and reflectance r values of the ARL deposited. Similarly, increasing the total gas flow into the cham- 
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ber, or increasing the rate at which SiH 4 is introduced into the chamber, will also increase.the refractive index n, absorp- 
tive index k,* thickness t, ancJ reflectance r values of the ARL deposited. 

On the other hand, increasing the pressure of chamber 19, or the spacing between supporter 12 and manifold 11, 
-has the effect-of decreasing-the refracti^^ 

5 deposited. Alternatively; increasing the power supplied to RE power supply 25 to generate more plasma has the effect 
of decreasing the refractive index n, absorptive index k ( and reflectance r values while increasing the thickness. of the 
ARL deposited. A similar effect can also be achieved by increasing the rate at which N 2 0 or N 2 is being introduced into 
chamber 19. The opposite effect of increasing the refractive index n, absorptive index k, and reflectance r values, while 
decreasing the thickness of the ARL deposited, can be achieved by increasing the rate at which He is introduced into 

w chamber 19. Finally, the amount of NH 3 introduced into chamber 19 can be increased to increase the refractive index 
n and thickness t values, while decreasing the absorptive index k and reflectance r values. 

The following discussion of the ARL explains the calculations below. These calculations pertain to the deposition 
of SiON films by plasma-enhanced CVD techniques, an example of which is as described above. The values obtained 
from the'calculations are for an exposure wavelength of approximately 248 nm. At this wavelength, an ARL deposited 

15 * in this process can have refractive index n ranging from 1.7 to 2.4, and absorptive index k ranging from 0 to 1 .3. 

An effective ARL minimizes the variation of light available for PR absorption as the thickness of the PR varies. This 
requires the substantial cancellation of light reflected from the interface between the PR and the ARL, i.e., the substan- 
tial cancellation of light rays 3 and 5 as shown in Figure 3. Substantial cancellation can be achieved if the following two 
requirements are met simultaneously for light ray 3 and light ray 5. The phase difference between ray 3 and ray 5 is 

20 close to an odd multiples of 180°. . . 

n 3 • 2t = -'A (m\) (1) 

25 The intensity of ray 3 and the intensity of ray 5 are ^almost identical. 

h = h (2) 

30 .... 

The first of the above requirements is described by the destructive interference equation, which is represented by 
Equatipn 1. -The second equation describes the condition for matching the intensities of ray 3 and ray 5. T . 

For a given substrate and photoresist, conditions 1 and 2, as represented by Equations 1 and 2, can be satisfied 
simultaneously with appropriate choices of refractive index n, absorptive index k, and thickness t of the ARL film. Solu- 
35 tions for m=3 (540° phase difference), m=5 (900° phase difference) and higher odd multiples of 180° phase difference 
require a larger ARL thickness to satisfy Equation 1 as compared to the m=1 case. Because of the larger ARL thick- 
ness, different refractive index, and absorptive index values are needed to satisfy Equation 2. These different refractive 
index, and absorptive index values can be achieved by the present invention for ARL thicknesses in the range of 500- 
3000 angstroms. 

40 It is desirable to achieve refractive index and absorptive index values for thicker ARLs, because the increased thick- 
ness can be a major advantage in the manufacturing of an ARL for achieving film consistency from wafer to wafer. 
Because a thicker film requires a longer deposition time compared to a thinner film, the refractive index, absorptive 
index, and thickness of the film can be better controlled. For example, film thickness suggested by the SONY research- 
ers is near 250 angstroms. Assuming a deposition rate of 2000 angstroms per minute, the deposition time would be 7.5 

45 seconds, including the time for striking the plasma and extinguishing the plasma. These are not well-controlled regions 
of the deposition process, and generally contribute to wafer-to-wafer variation in thickness and film properties, including 
refractive index and absorptive index. If a film thickness of 750 angstroms can be used, the film deposition time is 
increased to 22.5 seconds and the fractional contribution of deposition time from striking and extinguishing the, plasma 
is reduced threefold. This reduction in fractional contribution to deposition time from striking and extinguishing the 

so plasma, substantially improves the wafer-to-wafer variation of refractive index, absorptive index, and thickness com- 
pared with the 250 angstroms film. This concept is not limited to m=3. It is valid for 5, 7, and all odd multiples of 180° 
phase difference of the solutions for Equation 1 and 2. 

For applications requiring a hard mask, the ARL film left on the substrate can be used as hard mask during an etch- 
ing step. This is possible if the thickness of the film is sufficient to allow for etching of the^ substrate without completely 

55 eroding the ARL layer. Hence, this is another potential advantage of using a thicker ARLTilm with refractive index and 
absorptive index values that correspond to higher odd multiple solutions to Equations 1 and 2. 

Appendix A provides examples of refractive index n, absorptive index k and thickness t values, which correspond 
to solutions for 540° phase difference for Equations 1 and 2 at 248 nm with SiON, The refractive index n and the absorp- 
tive index kfor the photoresist are assumed to be 1.80 and 0.011, respectively. The values of refractive index n and 
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absorptive index k for Al, Al-Si, Al-Si-Cu, and Al-Cu are shown. Finally, the values of refractive index n and absorptive 
index k for W-Si are assumed to be 1 .96 and 2.69, respectively. With two equations and three unknowns, one can 
choose the value of refractive index n, absorptive index k, or thickness t and then calculate the remaining two 
unknowns. Because the refractive index n value of SiON ARL films optimized with the above deposition process is 

5 about 2.2 to 2.3 at 248 nm, the refractive index n value is chosen to stay within this range throughout the calculation of - 
Appendix A. Because absorptive index k values are tunable over a wide range with the above process, values of 
absorptive index k are not restricted. 

The solutions provided in Appendix A are not exact optimized values for the ARL because of thesimplicity of the 
model. For example, native oxides of Al, or W-Si, are simply neglected and their thicknesses are usually in the range of 

10 10 to 20 angstroms. Also, the refractive index n and absorptive index k values of the ARL film are assumed to be con- 
stant throughout the thickness of the film. Thus, the solutions to Equations 1 and 2 only provide a guideline to the refrac- 
tive index n, absorptive index k, and thickness of the desirable ARL film. Exact values of refractive index n, absorptive 
index k, and thickness for a specific application are determined experimentally by optimizing near the solution values 
from Equations 1 and 2. ■ l - 

15 For an Al substrate with deep UV (248 nm) photolithography, at m=3 an appropriate refractive index n value is about 
2.3, an appropriate absorptive index k value is about 0.3 and an appropriate thickness value is about 800 angstroms! 
These solutions satisfy Equation 1 to within 8° of a 540° phase difference. For Equation 2, the difference in intensity 
between ray 3 and ray 5 is about 5 percent of incident intensity. For a W-Si substrate with deep UV photolithography, at 
m=3 (t an appropriate refractive index n is about 2.3, an absorptive index k is about 0.3 and a thickness about 800 ang- 

20 strbms. These solutions satisfy Equation 1 to within 8° of a 540° phase difference. For Equation 2, the difference in 
intensity between ray 3 and ray 5 is less than 5 percent of incident intensity. 

For an Al substrate with deep UV photolithography, at m=5 an appropriate refractive index n value is about 2.3, an 
appropriate absorptive index k value is but 0.17 and an appropriate thickness value is about 1350 angstroms. These 
solutions satisfy Equation 1 to within 8° of a 900° phase difference. For Equation 2, the difference in intensity between 

25 ray 3 and ray 5 is about 5 percent of incident intensity. For a W-Si substrate with deep UV photolithography, at m=5, an 
appropriate refractive index n is about 2.3, an absorptive index k is about 0.18 and a thickness about 1350 angstroms. 
These solutions satisfy Equation 1 to within 8° of a 900° phase difference. For Equation 2, the difference in intensity , 
between ray 3 and ray 5 is less than 5 percent of incident intensity. 

For an Al substrate with deep UV photolithography, at m=7 an appropriate refractive index n value is about 2.3, an 

30 appropriate absorptive index k value is about 0.13 and an appropriate thickness value is about 1 900 angstroms. These 
solutions satisfy Equation 1 to within 8° of a 1260° phase difference. For Equation 2, the difference in intensity between 
ray 3 and ray 5 is about 5 percent of incident intensity. For a W-Si substrate with deep UV photolithography; at m=7 an 
appropriate refractive index n is about 2.3, an absorptive index k is about 0.13 and a thickness about 1900 angstroms. 
"V These solutions satisfy Equation 1 to within 8° of a 1 260° phase difference. For Equation 2, the difference in intensity 

35 between ray 3 and ray 5 is about 5 percent" of incident intensity. 

For an Al substrate with deep UV photolithography, at m=9 an appropriate refractive index n value is about 2.3, an 
appropriate absorptive index k value is about 0.1 0 and an appropriate thickness value is about 2430 angstroms. These 
solutions satisfy Equation 1 to within 8° of a 1620° phase difference. For Equation 2, the difference in intensity between 
ray 3 and ray 5 is about 5 percent of incident intensity. For a W-Si substrate with deep UV photolithography, at m»9 an 

40 appropriate refractive index n is about 2:3, an absorptive index k is about 0.10 and a thickness about 2430 angstroms. 
These solutions satisfy Equation 1 to within 8° of a 1620° phase difference. For Equation 2, the difference in intensity 
between ray 3 .and ray 5 is about 5 percent of incident intensity. 

For. an Al substrate with deep UV photolithography, at m=1 1 an appropriate reactive index n value is about 2.3, an 
appropriate absorptive index k value is about 0.081 and an appropriate thickness value is about 2965 angstroms: These 

45 solutions satisfy Equation 1 to within 8° of 1980° phase difference. For Equation 2, the difference in intensity between 
ray 3 and ray 5 is about 5 percent of incident intensity. For a W-Si substrate with deep UV photolithography, at m»i 1 an 
appropriate refractive index n is about 2.3, a absorptive index k is about 0.081 and thickness about 2965 angstroms. 
These solutions satisfy Equation 1 to within 8° of a 2965° phase difference. For Equation 2, the difference in intensity 
between ray 3 and, ray 5 is about 5 percent of incident intensity. 

so Solutions for higher odd multiples such as m=:13, 15, or 17 can be found with increases in ARL thickness that satisfy 
Equation 1 . With this increased thickness, a suitable absorptive index k value can be determined to satisfy Equation 2. 

Appendix B includes a characterization chart showing some of the preferred ranges of the various, process param- 
eters used, and the effects of silane, ammonia, and temperature on the chemical and optical properties of the ARL 
deposited. The graphs following the chart show how reflectance versus wavelength, refractive index n versus wave- 

55 length, and absorptive index k versus wavelength vary with SiH 4 flow, supporter and manifold spacing, chamber pres- 
sure, RF power, N 2 0 flow, N 2 flow, He flow! total gas flow, and temperature varies from a center value. The center 
values for SiH 4 flow, supporter and manifold spacing, chamber pressure, RF power, N 2 0 flow, N 2 flow, He flow and temV 
perature are respectively 51 seem, 500 mils, 4.6 torr, 160 W, 30 seem, 200 seem, 2000 seem, and 350°C. Th^se values 
also correspond to the values of the respective process parameters that were kept constant as one of these process 
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parameters is varied. 

Appendix C includes graphs which show the effect of chamber pressure, RF power, supporter and manifold spac- 
ing, SihU flow, N 2 0 flow, He flow, and N 2 flow on the deposition rate of the process for depositing an ARL, and on the 
refractive index n, absorptive index k. and unifo rmit y of th e ARL deposited. In these graphs, if not stated otherwise , 
5 silane flow, supporter and manifold spacing, chamber pressure, RF power, N 2 0 flow, N 2 flow, and helium flow are all 
kept constant at 5 T seem, 500 mils, 4 6 torr, 1 60 W. 30 seem, 200 seem, and 2000 seem, respectively. 

As will be understood by those of skill in the art, the present invention could be embodied in other specific forms 
without departing from the spirit or essential characteristics thereof. Accordingly, the foregoing description is intended 
to be illustrative of the.preferred embodiments, and reference should be made to the appended claims for setting forth 
10 the scope of the invention. • 
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Let: 



10 






rcai index or reiraction oi air 








real inucx or reiraction oi pnoiorcsisi 








rcai inucA. ui rcinicuun ui rvrvi^ . 


15 \ 


n 4 




real index of refraction of substrate 




k t 




imaginary index of refraction of air 




k 2 




imaginary index of refraction of photoresist 


20 


k 3 




imaginary index of refraction of ARL 




K 




imaginary index of refraction of substrate 




t = 




ARL thickness 




m 




odd integer 


25 


x 




wavelength of incident radiation 




h 




intensity of beam #3 




Is 




intensity of beam #5 


30 


It 




intensity of beam #1 



T, 2 « transmittance from air to photoresist 
R n — reflectance from ARL in' photoresist 
a 2 = absorption factor in photoresist 
T23 = transmittance from photoresist to ARL 
a 3 = absorption factor in ARL 

Rj4 = reflectance from substrate in ARL ' 
40 a0 = change in phase angle 

45 

Using equations (1) and (2): 

50 n, • 2t = x h (rri\) m = 3 (540°) (1) 

for I n 2 I .< I n 3 I < I n 4 | 

( ■ 
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I, = I, < 2 > 
I, = I, • T I2 • R M ♦ a, 
Ij = I, • T l2 • a 2 • T u • a, r R M • a, • Tjj 

Therefore, because I 3 = I 3 

R» = T » * a J * R 34 * a J * T 2J 

R a = W • (a,) 1 • R34 

These operations can be satisfied for n 2 , n„ n 4 , t, X, k 2 , k 3 , and k« where 

R» = (n 2 - n 3 ) 2 + (k 2 - k 3 ) 2 

(n 2 + n,) 2 + (k 2 + k 3 ) 2 

T a - 1 - R D 

R M - (n» -n<) 2 + (k 3 -kj 2 
- (n 3 + n«) 2 + (k,+ k<) 2 

(a 3 ) 2 = exp -2 (2nk, ^20 
~X" 

For 248 nm with Al substrate, r^ = 1.8, k 2 = 0.011 
40 ARL n 3 = 2.3, k 3 = 0.33, r = 700- 850 A 

A* - Si ru = 0.089, k« = 2.354 

R u - 0.0197 ' 
45 (Tjj) 1 = 0.961 

Rj4 = 0.714 
(a,) 2 = 0.0814 
so R 2 ,= 0.0197 

(T 2 j) 2 • (a 3 ) 2 R34 ^ 0.0559 

55 
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Claims 

1 . A substrate processing system, comprising: 



5 a vacuum chamber; 

a substrate supporter, located within the vacuum chamber, for holding a substrate; 
a gas manifold for introducing process gases into the chamber; 

a gas distribution system, coupled to the gas manifold, for distributing the process gases to the gas manifold 
from gas sources; 

w a power supply coupled between the substrate supporter and the gas manifold; 

a vacuum system for controlling pressure within the vacuum chamber; 

a controller, including a computer, for controlling the gas distribution system, the power supply and the vacuum 
system; and 

a memory coupled to the controller comprising a computer usable medium having a computer readable pro- 
is gram code embodied therein for directing operation of the substrate processing system, the computer readable 

program code including: 

computer readable program code for causing the gas distribution system to introduce a first process gas 
comprising a mixture of SiH 4 and N 2 0 into the chamber to deposit a first plasma enhanced CVD layer over 
20 the wafer; and 

computer readable program code for causing the gas distribution system to introduce a second process 
gas comprising He into the chamber to control the deposition rate of the first layer. 

2. A substrate processing system as in claim 1 wherein the computer readable program code for causing the gas dis- 
25 tribution system to introduce the first process gas comprising a mixture of SiH 4 and N 2 0 into the chamber controls 

the introduction of the SiH 4 to be between 5 to 300 seem, and the rate of N a O to be between 5 to 300 seem. 

3. A substrate processing system as in claim 2 wherein the computer readable program code for causing the gas dis- 
tribution system to introduce a second process gas comprising He into the chamber controls the chamber pressure 

30 at about 1 to 6 torr. 

4. A substrate processing system as in claim 3 wherein the computer readable program code for causing the gas dis : m 
tribution system to introduce the first process gas comprising a mixture of SiH 4 and N 2 0 into the chamber controls 
the introduction of the SiH 4 to be at a ratio of between 0.5 to 3 times the amount of N 2 0. 

35 ' 

, 5. A substrate processing system as in claim 1 further comprising: " . 

computer readable program code for causing the gas distribution system to introduce a third process gas com- 
prising NH 3 into the chamber; and 
40 computer readable program code for causing the gas distribution system to introduce a fourth process gas 

comprising N 2 into the chamber. 

6. A substrate processing system as in claim 5 wherein: 

45 the computer readable program code for causing the gas distribution system to introduce a third process gas 

comprising NH 3 into the chamber controls the introduction of the NH 3 to be between a rate of 0 to 300 seem; 
and 

the computer readable program code for causing the gas distribution system to introduce a fourth process gas 
comprising N 2 into the chamber controls the introduction of the N 2 to be between a rate of 0 to 4000 seem. 

50 

7. A substrate processing system as in claim 1 further comprising computer readable program code for controlling the 
gas distribution system to operate for a specified time period. 

8. A substrate processing system as in claim 7 wherein the computer readable program code for controlling the gas 
55 distribution system to operate for a specified time period comprises computer readable program code for causing 

the first plasma enhanced CVD layer to be formed to a thickness which is an odd multiple, greater than one, of a 
wavelength of light to be used in a subsequent process operation on the layer. 

9. A substrate processing system as in claim 2 wherein the computer readable program code for causing the gas dis- 
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tribution system to introduce the first process gas comprising a mixture of S|H 4 and N 2 0 into the chamber controls 
the introduction of the SiH 4 to be between 15 to 160 seem, and the rate of N 2 0 to be between a rate of 15 to 160 
seem. 

5 10. A substrate processing system as in claim 9 further comprising: 

computer readable program code for causing the gas distribution system to introduce a third process gas com- 
prising NH 3 into the chamber at a rate of less than 150 seem; and 

computer readable program code for causing the gas distribution system to introduce a fourth process gas 
■io comprising N 2 into the chamber at a rate of less than 300 seem.. 

11. A method for achieving plasma stability for a process during deposition of an antireflective layer in a processing 
chamber, the method comprising the steps of : 

75 adding an amount of inert gas to the process to achieve a desired chamber pressure; and 

controlling the amount of inert gas added to the process to control the processing chamber pressure. 

12. The method of claim 1 1 . wherein the inert gas comprises helium and the processing chamber pressure is between 
4.5 and 5.5 torr. 

.20 ■ . 

1 3. A method for controlling a piasma enhanced process to achieve thickness control in thin film deposition, the method 
comprising the steps of : 

determining an amount of an inert gas required to achieve a desired lower deposition rate; 
25 adding the inert gas to the process; and 

controlling the step of adding the inert gas to achieve the desired lower deposition rate. , 

14. The method of claim 13, wherein the inert gas comprises helium: - 
30 15. The method of claim 13 wherein the process comprises a plasma enhanced silane oxide process. ^ 

16. The method of claim : 1 3 wherein the process comprises a plasma enhanced silane oxynitride process. ; ^ • 

1 7. The method of claim 1 6 wherein the process comprises a plasma enhanced silane nitride process. 
18; The method of claim 13 further comprising the steps of: 
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maintaining a chamber pressure in the range of 1-6 Torr; r 
connecting the chamber to a RF power supply; 
40 ■ supporting the substrate on a supporter; 

heating the substrate; , 

introducing SiH 4 into the chamber at a rate of 5-300 seem; 

introducing N 2 0 into the chamber at a rate of 5-300 seem; . \ . 

45 . 19. The method of claim 18 wherein the step of heating comprises heating the substrate to a temperature in the range 
of 20p-400°C. 

20. The method of claim 1 8 wherein the step of supporting the substrate comprises placing the supporter at a distance 
from a gas distribution system in the range of 200-600 mils. ; 

50 

21. The method of claim 13 further comprising: 

introducing NH 3 into the chamber at a rate of less than 300 seem; and 
introducing N 2 into the chamber at a rate of less than 4000 seem. 

22. The method of claim 13 further comprising the steps of: 

forming an antireflective layer over a substrate; 
forming a layer of additional material on the antireflective layer; and 
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■ wherein the antireflective layer comprises a film which, at a given exposure wavelength, will have a first 
reflection from an first interface between the additional material and the antireflective layer, and a second reflection 
from a second interface between the antireflective layer and the substrate, the second reflection being an odd 
number which is at least 3r multiplied by 180° out of phase with the first reflection, whereby the first and second 
5 reflections at least partially cancel each other. p . 

23. The method of claim 22 wherein the additional material comprises photoresist. 

24. The method. of claim 23 wherein the antireflective layer has a refractive index in the range of 2.1-2.4, and an 
10 absorptive index in the range of 0.2-0.5. / " \ 

• . 25. The method of claim 24 wherein the antireflective layer has a thickness between 500-1000. angstroms. 

26. A process for depositing'an antireflective layer On a substrate in a semiconductor processing chamber comprising 
75 the steps of: 1 

using He to provide a chamber pressure in the range of 1-6 Torr; '* . 

connecting the chamber to a RF power supply to receive 50. to 500 Watts; 
1 supporting the substrate within the chamber; 
20 heating the substrate to a temperature in the range of 200-400 °C; , 

introducing SiH 4 through a gas distribution system at a 5-300 seem; and 
introducing N 2 0 through the gas distribution system at a rate of 5-300 seem. 

27. The process of claim 26 further comprising the step of introducing NH 3 into the chamber at a rate of 0-300 seem. 

28/ The process of claim 27 further comprising the step of introducing N 2 into the chamber at a rate of 0-4000 seem. 

29. The process of claim 26 wherein the He is introduced into the chamber at a rate of 5-5000 seem. 

30 30. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t, and a reflectance r, the process further comprising the step of increasing the rate at which the NH 3 is introduced 
/intathe chamber. to cause.the refractivejndex n.and the.thi.ckness t to.increase, and the abspiptive jjidex kandthe_ 
reflectance r to decrease. • \ 

35 31. The process, of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t, and a reflectance r, the process further comprising the step of increasing the rate at which the N 2 is introduced 
into the chamber to cause the refractive index n, the absorptive index k, and the reflectance r to decrease, and the 
>' . thickness t to increase. 

40 32. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t, and a reflectance r, the process further comprising the step of increasing the rate at which the He is introduced 
into the chamber to cause the refractive index n, the absorptive index k, and the reflectance r to increase, and the 
thickness t to decrease. 

45 33. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t, and a reflectance r, the process further comprising the step of increasing the temperature to cause the refractive 
index n, the absorptive index k, the thickness t, and the reflectance r to increase. 

34. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
so t, and a reflectance r, the process further comprising the step of increasing the chamber pressure to cause the 

refractive index n, the absorptive index k, the thickness t, and the reflectance r to decrease. 

35. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t. and a reflectance r, the process further comprising the step of increasing the power supplied to the chamber to 

55 cause the refractive index n, the absorptive index k, and the reflectance r to decrease, and the thickness t to 
increase. ... 

36. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
t, and a reflectance r, the process further comprising the step of increasing the distance between the supporter and 
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the gas distribution system to cause the refractive index n, the absorptive index k, the thickness t, and the reflect- 
ance r to decrease. 

37. The process of claim 26, wherein the antireflective layer has a refractive index n, ah absorptive index k, a thickness 
s t, and a reflectance r, the process further comprising the step of increasing the rate at which SiH 4 is introduced into 

the chamber to cause the refractive index n, the absorptive index k, the thickness t, and the reflectance r to 
increase. 

38. The process of claim 26, wherein the antireflective layer has a refractive index n, an absorptive index k, a thickness 
to t, and a reflectance r, the process further comprising the step of increasing the rate at which N 2 0 is introduced into 

the chamber to cause the refractive index n, the absorptive index k, and the reflectance r to decrease, and the thick- 
ness t to increase. 
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39. A method of forming a photoresist pattern, the method comprising the steps of: -• ; 

forming an antireflective layer on a substrate; and 

forming a layer of photoresist on the antireflective layer, the layer having a thickness and refractive indices such 
that a first reflection from an interface between the photoresist and the antireflective layer will be at least 540° 
out of phase with a second reflection from ah interface between the antireflective layer and the. substrate. 

40. The method of claim 39 wherein: 

the substrate comprises AI; 

the first and second reflections, are from light having a wavelength of about 248 nm; and 

wherein the antireflective film has a refractive index n in the range of 2. 1 -2:4, an absorptive index k in the 
range of 0.2-0.5, and a thickness t in the range of 500-1000 angstroms. 

41. The method of claim 40 wherein the substrate further comprises at least one of Si and Cu. 



42. The method of claim 39 wherein light is used to expose the photoresist, and the light has a wavelength in the range 
of 190-900 nm. 

43. An improved antireflective layer for use in the manufacture of semiconductor devices comprising: 

a layer comprising SiON having a refractive index n in the range of 1.7-2.9, an absorptive index k in the range 
of 0-1 .3, and a thickness in the range of 200-3000 angstroms; and ' \. 

wherein at an exposure wavelength of 365 nm or less, a phase shift of an odd multiple of at least 3 multiplied 
40 by 180° exists between a first reflection from an interface between an overlying layer of photoresist and the antire- 
flective layer and a second reflection from an interface between the antireflective layer and a substrate, the first 
reflection having almost the same intensity as the second reflection to there by substantially cancel the first and the 
second reflections. . . . 
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